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EVALUATION OF SAFETY OF TRAUMA PATIENTS DURING  
 
TRANSPORT  
SAI KASHYAP IVATURI 
ABSTRACT 
 
Background:  
Transport of patients is sometimes necessary and unavoidable. However, there are many 
risks related to it. For this reason, safety of intra-hospital transport has been thoroughly 
studied in critical care patients; however there is no literature on adverse events during 
transport of trauma patients. Due to the acute nature of injury, trauma patients are 
fundamentally different than other populations of patients and require special 
consideration during transport. Lack of data makes initiating new protocols for transport 
conditions difficult. 
 
Methods/Results:  
Data from all activated trauma response patients who required transport to and from the 
CT scanner from the period of January 01, 2010 to December 31
st
, 2013 (total of 1103 
patients) were collected. From these patients, 17 adverse events were identified (2.0% 
excluding missing documentation). Vomiting was the most common adverse event 
followed by peripheral IV line dislodgment. There were no cardiac arrests or deaths 
resulting from transport related events. 
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Conclusion:  
Defining adverse events is a key part of evaluating safety during transport. Fluctuations 
in vital signs and other objective measures may reflect patient disease rather than 
transport. Our study provides clear definitions of what an adverse event is using 
outcomes and objectively identifies measures necessary for safe transport as well as areas 
of improvement.  
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INTRODUCTION 
 
Purpose 
The transport of patients requires a specialized training and equipment. The 
requirement for an improved intra-hospital transport mechanism surfaced in the 1970s for 
a variety of patient conditions (Waydhas, 1999). Arrhythmias were present in 84% of 
transports of high-risk cardiac disease patients, with 44% of these cases requiring 
emergency therapy. Major complications such as bleeding and hypotension were 
observed in seven of 33 transports from the OR to the ICU.  These cases generated the 
basis for investigating adverse events in intra-hospital transport, and to devise protocols 
in order to mitigate the risks they may pose to the patient.    
 
Transport of patients in the setting of trauma is a complex process that carries 
significant risk. Current literature of intra-hospital transport has mainly included critical 
care patients. While this group is at higher risk for transport related adverse events and 
may include patients with trauma related injuries, there is no literature evaluating 
transport exclusively in trauma patients. 
 
Trauma patients have a defined risk stratification system, and present as a diverse 
group, in contrast to the critically ill who tend to have a demographic skew toward 
elderly patients and chronic conditions. Injuries with a trauma mechanism are by 
definition acute, and for this reason, so is the onset of complications. Additionally, 
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trauma transport needs may include stabilization and temporary interventions (i.e. 
resuscitation with fluids and/or vasopressors, spinal precautions, splinting, etc). Members 
of the transport team area are also usually highly trained and specialized. Thus there are 
many areas where complications could occur, which is why we felt there was a need for 
evaluation of trauma transport safety, which is currently lacking. 
 
Current Literature Overview 
 
In current critical care literature, Kue et al (2011) examine the efficacy of an 
intra-hospital transport team to transport critically ill patients from ICUs to diagnostic 
and procedural areas. An emergency medical technician-basic, an emergency medical 
technician-paramedic and a registered nurse form the transport team report to a medical 
director. The authors argue that having a dedicated team enables ICU staff to maintain 
their positions and continue their efforts without distractions. This study took place at an 
institution that does 7000 to 7500 intra-hospital transports annually. They reported a 
1.7% adverse event incidence from a 6-month retrospective study of 3383 charts. Fifty-
nine charts contained clinically-significant adverse events, in contrast to other adverse 
event rates in the literature, which have a large range and can go as high as 8% 
(Waydhas, 1999) with hypoxia and hypertension being the predominant adverse events. 
They attribute this relatively low incidence rate to a dedicated intra-hospital transport 
team and training infrastructure as well as mature protocols that have been developed 
since 2002. 
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 Similarly, Papson et al (2007) using a one-year prospective observational study, 
categorized unexpected events (UEs) in 339 transports. 230 of these transports were 
found to be associated with 604 unexpected events, with a median 1.0 UE per transport. 
The authors classified life threatening events during transport as serious UEs, and noted 
that 26.2% or 158 of the 604 UEs were likely caused by patient instability, and the most 
common UEs overall were oxygen probe failures, lead line tangles, hypotension and 
wearing off of sedation. They concluded that more critical patients had an upward bias 
for UEs and serious UEs (SUEs), which can be lowered by the presence of an emergency 
physician. However, the term UE is broad and often at times includes events that are 
peripheral to the patient’s physiological condition and status, such as equipment failure. 
For example, a heart rate above 100 BPM is considered tachycardia and recorded as a UE 
by the authors, but that may be the resting heart rate for some patients. Therefore a more 
accurate terminology and definition of adverse events (AE) is required to precisely 
classify events whose causality can be directly linked to the hazards of transportation.    
  
A two-year retrospective study by Voigt et al (2008) in an oncologic intensive 
care unit of a tertiary cancer center examined 953 patients who accounted for 1098 ICU 
admissions. The authors investigated the difference between 413 (44%) transported and 
535 (56%) non-transported patients. The transported patients were further categorized 
into subgroups for patients with only one transport and another for patients with two or 
more transports. Factors that were compared between these categories included 
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demographics, clinical variables and hospital mortality rates, and time of transport from 
admission. This study states that the longer a patient is present in the ICU, the more likely 
the patient would have an increased number of transports. The authors concluded that 
increase in transport was correlated to higher illness scores and longer length of stay. 
 
Waydhas (1999), through a systematic review, reported that 40-50% of critical 
care transports for diagnostic reasons caused a change in patient management, justifying 
transport. It was noted that the number of personnel does not influence the rate of 
complications, but the presence of a specially trained transport team can lower the rate of 
complications. Also, cardiocirculatory adverse events, specifically hypotension and 
arrhythmias, were most prevalent, present in 0-47% of the patients. However, these 
adverse ‘effects’ were in fact linked to periods of inadvertent hyperventilation or 
hypoventilation, with significant change in the partial carbon dioxide concentration. In 
trauma patients especially, transports for diagnostic procedures elicited a change in blood 
pressure (more than 20 mm Hg) and pulse rate (more than 20 BPM). Respiratory 
complications were the next most prevalent, accounting for 29% of transports, which 
include a change in respiratory rate for 20% of patients and a fall in oxygen saturation in 
2-17% of cases. A table from review of each study organized by study details is affixed 
in the appendix. It is arguable whether the adverse ‘effects’ observed were due to 
transport or if they may be inherent to critically ill patients.  
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Two studies reviewed by Waydhas tracked patients for a few hours pre-transport 
and during transport, in order to ascertain the cause of these adverse events to either 
patient instability or transport itself. These studies however produced conflicting results. 
Wallen et al (1995) reported an increased incidence of hypothermia (11.2%) and change 
in oxygen saturation of 5% (5.6%) during transport compared to no disturbances 1-2 
hours prior to transport. Conversely, Hurst et al (1992) noted a similar rate of adverse 
events in a stationary cohort of ICU patients compared to a transported group that was 
matched for severity of illness and age. In this study, the incidence of adverse events 
between the transport group (60%) was comparable to the stationary group (66%).  
  
Waydhas notes preventative measures that may lessen the need for transport, such 
as having diagnostic or therapeutic procedures within the ICU or other alternatives that 
may render transport unnecessary, for e.g. mobile computerized tomography (CT) 
scanners and ultrasound that can be used within the ICU. However, this type of solution 
would require technological advances from the medical diagnostics sector and potentially 
increase healthcare costs. The author also recommends some conventional procedures to 
be performed within the ICU itself, instead of transferring to the operating room. 
Although basic procedures could be performed bedside, designated procedure rooms are 
much better equipped in case of complications. 
 
Huber (2010) retrospectively analyzed 2400 transport related incidents reported to 
the Pennsylvania Patient Safety Reporting System (PA-PSRS) for a 5 year period and 
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noted 280 instances of harm or near misses. 41% of these 280 instances could have been 
avoided through improved communication between the care team. This study suggests a 
standardized handoff communication protocol and advocates for a specialized transport 
team. A transport team, according to Huber, decreases the number of adverse events, 
inappropriate staff assignments and lowers delays that might interrupt care
1
, along with 
lower chances of morbidity and mortality
2
. 
 
Definition of adverse event: 
 
One difficulty in the interpretation of current literature is the differences in 
definitions of adverse events. Because of this, there is an evolving consensus on what 
constitutes an adverse event during intra-hospital transport of patients. Changes in vital 
signs such as heart rate, blood pressure, and respiratory rate are highly dependent on 
clinical scenario and pathology. Most transport studies closely monitored heart rate and 
BP. However, the variability in this case cannot be independently attributed to transport.  
Therefore, changes in these parameters may be more linked to patient pathology than 
transport. For example, a 20% increase in heart rate from 60 bpm to 72bpm is still within 
normal limits. Similarly, tachycardia above 100bpm as an absolute cannot be dissociated 
from the patient disease/clinical situation. Clear definitions of adverse events can 
                                                        
1  McLenon M. Use of a specialized transport team for intrahospital transport of critically ill patients. 
Dimens  
Crit Care Nurs 2004; 23(5):225-9 
2  Andrews S, et al. A dedicated retrieval and transfer service: the QUARTS Project. Nurs Crit Care 
2008; 13(3):162-8 
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alleviate confusion and allow unbiased evaluation of transport related adverse events 
exclusive of other variables. 
 
 Despite the focus on critical care, there is no examination of trauma specific 
transport, which possesses a higher risk scenario and a potentially higher incidence of 
adverse events. Particularly in the critically ill and trauma scenarios, having a unified 
metric could help identify, quantify, and ultimately reduce the incidences of adverse 
events.  
 
This study seeks to address these gaps, and examine necessary transport in a 
trauma setting. We aimed to establish a universal set of metrics for adverse events in 
intra-facility care transport, specific to trauma scenarios. We propose to standardize 
adverse event definition as a physiological worsening with specific categories/call 
numbers. Additionally, we investigated the institutional trauma response types and 
characterize differences between Full Trauma Response, Consult Trauma Response and 
Modified Trauma Responses. These three responses differ in many ways like the 
members present in the team, and the qualifications and training of those involved in 
transport and whether or not a physician is required to be present. Finally, we intend to 
comment on the role of the separation of CT scanner and ED on different floors at the 
study location. 
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Table 1: Trauma Response Activation: Who travels with the patient? 
o Modified Trauma Response (MTR):  
 nurse and technician required, MD optional (but usually present) 
o Full Trauma Response (FTR):  
 physician, nurse, and technician required 
o Consult Trauma Response (CTR):  
 nurse and technician only 
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METHODS 
 
   
The study was approved by the institutional review board; as a retrospective 
observational study, informed consent was waived during review.  
  
The study was conducted on all patients that had a trauma response activated from 
the Emergency Department of Tufts Medical Center. Tufts Medical Center is a 415 bed 
Level 1 trauma center at the center of the Boston metropolitan area.  
 
All trauma responses require special charting/documentation that is completed by 
an ED nurse and electronically scanned. All trauma-activated responses were identified 
during the period January 2010 to December 2013, and 1102 charts were individually 
reviewed for adverse events using the following definitions. Approximately 23% of 
charts contained missing trauma documentation. 
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Table 2 – Adverse Event Definitions 
- Major events  
o Cardiac arrest  
o Vasopressor use- adding new vasopressor  
o Intubation  
- GCS >3 point change: 
- Oxygen saturation:  
o < 90%  
o Change > 5% for more than one minute 
- Equipment failure 
o Ventilator 
o IV medications/pump 
o Telemetry 
o Other equipment 
- Line dislodgements  
o Peripheral IV loss  
o Nasogastric/Orogastric tube  
o Central line  
o Foley  
o Endotracheal tube 
o Telemetry leads  
o C-collar 
- Vomiting/Aspiration  
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The protocol for travel was examined, as the location of the CT scanner is 4 floors 
away from the ED. Checklists, as required by the National Trauma Database, were part of 
the trauma sheets affixed to patient charts. These charts and checklists were used to 
collect data regarding time of transport to CT and any potentially associated adverse 
events.  
 
Each patient’s trauma sheet was given a numbered code corresponding to the 
occurrence of an adverse event as defined above (or lack thereof). These codes were 
entered into and managed using spreadsheet software. Additional de-identified patient 
data was maintained on a separate spreadsheet that captured study population parameters 
such as length of stay (LOS), injury severity scores (ISS), general demographics such as 
age and sex, cause of trauma, mode of transport to the hospital, disposition upon leaving 
the Emergency Department and mortality during the hospital stay.  
 
Injury Severity 
 
Established by Baker et al (1974), the Injury Severity Score (ISS) is a system of 
scoring that is anatomically based, and provides a combined score of all injuries for a 
patient with multiple injuries. Each specific injury is assigned a score from an 
Abbreviated Injury Scale (AIS) of 1-5 for one of six regions in the body. These regions 
are the head, face, chest, abdomen, extremities. Only the highest score from each region 
is used for the overall calculation. The three most severely injured regions have their 
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respective Abbreviated Injury Scale (AIS) scores squared and summed together to 
produce the Injury Severity Score. 
 
The Injury Severity Score (ISS) ranges from 0-75. If any individual injury is 
considered mortal, the Abbreviated Injury Score (AIS) is assumed to be greater than 5, 
and the overall ISS is automatically assigned a value of 75. The ISS is seen as a strong 
indicator, as it correlates linearly with length of stay in the hospital (LOS), morbidity and 
mortality (Baker et al, 1974). 
  
The Injury Severity Score presents with some drawbacks. Any error in assigning 
an individual injury AIS score will be magnified in the total ISS. Additionally, as only 
the three most severe injury areas are considered, other potentially critical injuries are not 
weighted into the calculation. Furthermore, for the purposes of triage, the ISS may not 
reveal a full description of the patient’s injuries, which would require an in-depth 
examination and operation (Baker et al, 1974). The ISS however is a very powerful tool 
when used in conjunction with other pertinent patient information.    
 
Trauma Response Activation 
 
These parameters were evaluated for the study population as a whole and in 
context of the trauma response activated.  
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Table 3 - Full Trauma Response (FTR) Definition 
- Respiratory distress or airway problems, or intubation prior to arrival 
- Hemodynamic instability- Systolic BP < 90 
- Altered Mental Status- GCS< 13 
- Any evidence of spinal cord injury with neurological deficit 
- Penetrating injury to the head, neck, chest, or abdomen (including GSW to 
buttocks) 
- Electrical or thermal burn > 30% BSA 
- Transfer patients from other hospitals receiving blood to maintain vital signs 
- Any two or more of Modified Response Criteria 
- Other patient’s at the EM or Trauma Attending’s discretion 
 
 
Table 4 - Modified Trauma Response (MTR) Definition 
- MVC including 
o Unrestrained occupant in rollover 
o Significant front end damage with intrusion of the passenger 
compartment 
o Death of another occupant of same vehicle 
o Ejection from the vehicle 
o More than one long bone fracture 
o Amputation of a limb 
o Auto/Pedestrian collision 
o Injuries above and below the diaphragm (e.g. clavicle fracture & 
femur fracture) 
- MCC > 20 mph with separation of the ride from the motorcycle 
- Fall from height > 10 ft or down a flight of stairs 
- Penetrating extremity trauma proximal to the hands and feet 
- Witnessed loss of consciousness and/or amnesia to the event 
- Burns 10-30% BSA 
- Coumadin therapy or coagulopathy 
- Pregnancy 2nd and 3rd trimester 
- Any radiographic evidence of spinal column injury without neurological 
deficit 
- Other patient’s at the EM or Trauma Attending’s discretion 
 
 
Table 5 - Consult Trauma Response (CTR) Definition 
- Patients with trauma mechanism who do not meet MTR or FTR criteria 
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The recorded adverse events were also characterized further using other 
parameters such as trauma response activation, length of stay (LOS) and injury severity 
score (ISS). 
 
Statistical Analysis: 
 
All data was collected, analyzed and plotted using Microsoft Excel software. 
ANOVA was used for multiple data sets, with Tukey post hoc analysis for parametric 
data. Kruskal-Wallis ANOVA was used for nonparametric tests, with Dunnʼs post hoc 
analysis. A p-value < 0.05 was considered statistically significant.  
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RESULTS 
 
 
 Figure 1 - Demographics 
 
Figure 1: The demographic of the trauma case load of the 4-year study sample at the 
Tufts Medical Center, through the examination of age (1A) and gender (1B) distributions.  
 
The age distribution of the site’s trauma cases (Figure 1A) with the majority of 
cases originating from the 18-35 age group (33.67%), followed by the greater than 70 
0.91% 
33.67% 
18.87% 
22.60% 
23.96% 
A. Age Distribution 
<18
18-35
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M
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group (23.96%), the 51-70 group (22.6%) and 36-50 age group (18.87%).  These 
statistics reflect the expected trauma profile, with the young adult population presenting 
as a majority of the caseload.  
 
The sex ratio of the patient load at the on-site trauma center from the study 
sample is 66.15% male and 33.85% (Figure 1B), matching national and international 
male-heavy trauma profiles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 17 
Figure 2 - Dispositions and Outcomes 
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Figure 2: The common dispositions from the Emergency Department and the overall 
mortality of the study group. 2A: Disposition of patients leaving emergency room with 
the following categories -  Against Medical Advice (AMA), General Ward (Floor) and 
Intensive Care Unit (ICU), Operating Room, Unknown (NA/Other) 2B: Patient mortality 
at the end of the hospital visit. 
 
The most common disposition from the ED is the general wards i.e. Floor (37%), 
followed by the ICU (30.6%), discharge to home (25.4%) and the operating room (4.9%). 
Mortality of the trauma study cohort during the hospital visit and stay was 2.54%.  
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Figure 3 - Trauma Response Type Profile 
 
Figure 3: The breakdown of the trauma activation (3A), by Full Trauma Response (FTR), 
Consult Trauma Response (CTR) and Modified Trauma Response (MTR)  and age 
demographics from younger than 18 years old, 18-35 years, 36-50, 51-70, and older than 
70 for each response CTR (3B), FTR (3C) and MTR (3D). 
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The trauma protocol most employed is Modified Trauma Response (MTR = 
62.43%), followed by the Full Trauma Response (FTR = 23.05%) and Consult Trauma 
Response (CTR = 14.52%). 
 
The 18-35 age group predominates in MTR and FTR, while the >70 group is most 
prevalent in the CTR response. The second most prevalent for MTR is greater than 70, 
for FTR and CTR is 51 to 70. The under-18 age group is the least prevalent for all three 
trauma responses, notably in the single digits, if at all. 
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Figure 4 – Mode of Transport to the Hospital for Trauma 
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Figure 4: Mode of transport to the Emergency Department, with the following categories: 
Ambulance (AMB), Helicopter (HEL), Privately Owned Vehicle (POV) and Other 
(OTHER).    
 
The Ambulance was the most common mode of transport for trauma cases (77%) 
to the emergency department, but the extent varied for each individual trauma response.  
For MTR (84.1%) and CTR (76.3%), ambulance transport to the hospital forms the 
predominant bulk, but in the case of FTR (56.3%), the helicopter is also a significant 
mode (39.0%) unlike the other trauma responses. 
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Figure 5 - Trauma Type Distribution 
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Figure 5: The distribution of types of trauma observed at study site’s trauma center, under 
the following classifications: Assault (ASLT), Bike collision (BIKE), Diving (DIVE), 
Explosion (EXP), Fall (FALL), Gun-Shot Wound (GSW), Motorcycle Crash (MCC), 
Motor Vehicle Crash (MVC), Other (OTHER), Overdose (OV), Self-inflicted (SELF), 
Sporting-related (SPORT) and Stabbing (STAB). 
 
This distribution shows a majority of fall victims (54.1%), followed by assault 
(14.3%), motor vehicle collision (12.7%) and pedestrian collision (8.45%).    
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Figure 6 – Distribution of Injury Severity Score  
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Figure 6: The different injury severity scores (ISS) of the trauma cases as represented by 
a number from 1-75 for each case, where 1 representing little to no harm and 75 as lethal.  
 
 A majority (73%) of the injuries at this center from this sample rank between 0-
15 on the injury severity score. The next largest group is between the ISS range 16-30 
(24%). The most lethal cases represent small fractions of the overall trauma load, ranging 
from 0-1% for ISS score ranges 46-60 and 61-75. 
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Figure 7 – The Average Length of Stay Compared to Injury Severity Scores 
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Figure 7:  The relationship between injury severity score and average length of stay  
 
There was a visually apparent linear correlation (R² = 0.386) between the length 
of stay and injury severity score of the patient. There were some notable outliers, but the 
overall trend was interesting to note and reaffirms the ISS as scale that is linearly 
correlated with morbidity, mortality, hospital stay and other severity measures
3
. 
  
                                                        
3
 Baker SP et al, "The Injury Severity Score: a method for describing patients with multiple injuries and 
evaluating emergency care", J Trauma 14:187-196;1974 
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TABLE 6 – Adverse Events Occurrence Rates 
Major Events 3 (17.6%) 
      a. Cardiac Arrest  
      b. New Vasopressor Requirement 1 (5.9%) 
      c. Intubation 2 (11.7%) 
GCS > 3 point change 1 (5.9%) 
Oxygen Saturation 2 (11.7%) 
      a.<90% 1 (5.9%) 
      b. Change > 5% for more than one min. 1 (5.9%) 
Equipment failure  
      a. Mechanical Ventilation failure  
      b. IV medications/pump failure  
      c. Telemetry machine failure  
      d. Other  
Line Dislodgements 5 (29.4%) 
      a. Peripheral IV 3 (17.6%) 
      b. Nasogastric/Orogastric tube  
      c. Central Line  
      d. Foley  
      e. C-Collar 1 (5.9%) 
      f. Endotracheal tube  
      g. Telemetry leads 1 (5.9%) 
Vomiting 6 (35.3%) 
Aspiration  
Total Adverse Events 17 
 
Table 6: The identification of adverse events occurring during or associated with 
transport, with their respective occurrences and percentages 
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As seen in Table 6, the most common adverse event was vomiting (35.3%) 
followed by line dislodgements (29.4%), and major adverse events (17.6%). Line 
dislodgements included peripheral IV dislodgements (17.6%) followed by C-collar and 
telemetry leads dislodgements (5.9% each). Major events included intubation (11.7%) 
followed by new vasopressor requirements (5.9%). 
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Figure 8 –Adverse Events and Trauma Injury Severity Scores 
 
0
1
2
3
4
5
N
u
m
b
e
r 
o
f 
A
E
 
ISS under adverse event subgroup 
Adverse events and ISS 
 32 
Figure 8: The specific types of adverse events categorized by the injury severity scores of 
the trauma patients (0-75).  
 
A majority of the adverse events occurred in patients with ISS ranging between 0-
15. Vomiting and line dislodgements had two notable events each in the 15-30 ISS range, 
while an intubation also occurred in the 15-30 ISS range. Notably, the vasopressor use 
event was well above other adverse events, occurring in a patient with a ISS range of 61-
75. 
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Figure 9 – Average Length of Stay for Adverse Events 
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Figure 9: The average lengths of stay for each grouping of adverse events, with the 
appropriate standard deviations. 
 
Major adverse events (vasopressor use/intubation) had the largest average length 
of stay of 6 days and 8 hours, followed by line dislodgements with 4 days.  
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DISCUSSION 
 
 This retrospective study addresses a deficiency in the literature relating to trauma 
related intra-hospital transport. Most of the literature on intra-hospital transport has 
related to transport of the critically ill. While in many hospitals that might include trauma 
patients, it is not well characterized. Trauma patients are a different group because the 
nature of their disease is generally more acute. Management of trauma patients thus 
differs from chronic illnesses. Depending on the type of injury, CT scan is a vital tool in 
trauma management and thus many times unavoidable. Although we have policies for 
transport of patients, adverse events can occur. Through this study, we wanted to identify 
what percentage of patients underwent these adverse events and in what areas we could 
improve our transport protocol. 
 
Out of the 4117 patients that had trauma code activation during a four-year 
period, 1103 (27%) required a CT scan. Out of this 253 (23%) had missing 
documentation. In the recorded CT scan transports, we had 17 (2.0%) adverse events, 
with vomiting being the most common (35.2%). There were only three major events, two 
being intubation and one requiring a new vasopressor. Importantly, neither of the 
intubations was preceded by vomiting. Line/tube dislodgements accounted for 29.4% of 
the adverse events, with the most common being peripheral IV loss. There was no 
equipment failure noted.  
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Kue et al. (2011) published a similar study in which the adverse event rate was 
identified as 1.7%, remarkably similar to ours of 2% in spite of many key differences in 
our study designs. One of the key differences is the use of a dedicated transport team at 
Tufts that consists of trained professionals that categorize the patient into levels based on 
specific criteria. The current Tufts protocol used for transport is as such. All FTR require 
a physician escort for any transport. All MTR/CTR require a RN and a tech. Although 
not documented, in many scenarios, a trauma team member (General Surgery PGY1-5) is 
present for the initial radiological interpretation. Though the practice is different, the 
premise behind it is well understood at our institution.  
 
Other key differences are in the way we measured adverse events. Kue et. al 
separated the events into occurrences and interventions. Our table is a hybrid of this. Kue 
et. al may have had some overlap of adverse event followed by intervention, but in our 
study, the adverse events were all independent.  
 
While most publications report adverse event rates as high as 70%, we believe 
that including parameters like changes in heart rate and blood pressure are subject to 
variable interpretation, and thus should not be used for declaring adverse events. Our 
study identifies the main adverse events that are not influenced by patient disease. 
Although we had very few major events, it is important to note that emesis in CT scanner 
is a big risk factor for aspiration pneumonitis. Patients are usually placed in a supine 
position in a safety belt that reduces risk of falls. In this position, any emesis could cause 
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severe aspiration. Further analysis of the patients that experienced emesis in the CT 
scanner shows some interesting trends. All patients had a GCS of 15. The median age of 
the patients was 34.5 years (range =22-96 years). All patients came via ambulance and 
were activated as MTR, and average ISS was 8.83 (range = 1-20). Three were admitted 
into the ICU, and three onto the floor. The average LOS of these 6 patients was 2 days. 5 
- 6 patients were discharged to home (one to SNF where the patient came from?).  
 
With this data in mind, we feel that the emetic events did not cause any significant 
calculable morbidity. Although it is still an adverse event, it is one that may be 
unavoidable. There were no identifiable predictors of this adverse event, and perhaps 
clinical judgment is the best tool available.   
 
The next most common adverse event was line dislodgements. Most of these were 
related to peripheral IV (3/5- 60%), one to C-collar and one to telemetry lead removal. 
While the most dangerous is the removal of c-collar that could, in theory, exacerbate a 
cervical spine injury, this particular event was not associated with that. Peripheral IV line 
removals are mostly an inconvenience to the staff and patient, but do not represent 
morbidity, as the peripheral line serves as a secondary IV source.  
  
Also, of note, there was no significant difference between the average LOS of 
patients that had an adverse event versus LOS in patients of similar ISS. According to 
Waydhas (1999), recommendation of a reduction in the use of transport, by placing 
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diagnostic and procedural equipment within or close to the ICU may not be necessary in 
trauma cases, given the low incidence of adverse events. Though having a CT scanner on 
the same floor as the ED might prevent some adverse events from arising, our data 
suggest its impact may not be as great as postulated. 
 
Although it is difficult to gauge the significance with a small sample and low 
percentage of adverse events, we have identified some areas of potential improvement. 
Vomiting was the most common adverse event. To prevent or at least reduce the risk of 
this, we propose a more aggressive treatment of nausea prior to transport. Anti-emetics 
have a relatively low side effect profile, and are compatible with most common 
medications. In many trauma scenarios, patients must be kept supine with a c-collar in 
place. In addition to transport, which in itself can have an emetic effect, being in this 
position in a CT scanner can trigger emesis. Intravenous anti-emetics are effective within 
minutes and can help decrease emetic episodes. 
 
Some aspects of transport, which are already in place at our institution, should be 
stressed. Although there were only two cases of intubations, we must stress the 
importance of bag valve masks being always present at patient bedside and on gurneys, 
for immediate airway control. In addition, we suggest a cricothyroidectomy kit in all CT 
scanners for creation of an emergency airway.  
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Although we only had one episode of c-collar removal, to prevent cervical-spine 
injury, a trained physician should be responsible for cervical spine immobilization and 
collar placement. This is in line with observations from Papson et al (2007) and Waydhas 
(1999) where the presence of a physician in during transport reduced the incidence of 
adverse events. At our institution, although it was not explicitly recorded, all FTR must 
have a physician present for travel. However, in many cases at least a junior resident 
(PGY1, 2, or 3) is present during transport and in the CT scanner. This allows for making 
decisions for adjustment of sedation, pain, blood pressure, and other parameters.  
 
Transportation of patients always carries a risk. There are many ways to reduce 
risks of transportation. Adverse events may at times be unavoidable, so it is important to 
be able to reduce the complications in the aftermath of the event. A large part of this is 
pre-transport assessment. There are several parties that have to work together to make 
transport as safe as possible. It starts with the physician making a decision to conduct a 
diagnostic or therapeutic procedure. The benefits of this procedure must be weighed 
against the risks. The risk assessment must involve clinical stability for transport as well 
as predicted tolerance for the procedure itself. As a part of this, a coordinated effort must 
take place to inform and debrief the team performing the procedure with contingency 
plans in the face of adverse events. Coordinating the transport also reduces number of 
transports and the time spent away from the patient’s room, which has been shown to 
decrease rate of adverse events. The nursing staff also plays a critical role in identifying 
issues that can arise for e.g. timely administration of medications, anticipated changes in 
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neurological state i.e. need for sedation and/or pain control, operation of specialized 
equipment, lines/tubes/drain management, etc.  
 
Our study identifies an adverse event rate based on concrete definitions in a 
population of trauma patients. From our data, with a low adverse event rate of 2.0% seen 
as 17 adverse events, it is difficult to draw immediate conclusions. Due to the lack of 
literature in this field, more data must be collected to clearly delineate the short and long 
term effects of adverse events during transport. Although there are many theoretical 
downsides to the various adverse events, our data did not show any significant 
differences in secondary outcomes such as LOS, additional adverse events, or mortality 
when compared to patients of similar injury severity scores. Because of the low incidence 
of adverse events, more data is necessary to distinguish between statistical significance 
and clinical significance. 
 
Improvements in the study design could include a prospective arm, where patients 
could be randomized to a specialized protocol driven transport team. Additionally, a case-
by-case analysis could underline areas of improvement. Aside from noting the adverse 
event, the team members involved with the care could also be surveyed to construct long-
term solutions. Depending on the results, this could then be expanded to involve multi-
institution trial for the creation of a protocol for safer transport. 
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APPENDIX 
Waydhas (1999) - Table 1:  Details of the studies reviewed 
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LIST OF JOURNAL ABBREVIATIONS 
 
 
 
Ann Intern Med Annals of Internal Medicine 
 
Acad Emerg Med Academic Emergency Medicine 
 
Anaesth Int Care Anasthesia and Intensive Care 
 
Crit Care Med  Critical Care Medicine 
 
Crit Care Nurs Critical Care Nursing 
 
Curr Opin Cell Biol Current Opinion in Cell Biology 
 
JAMA   The Journal of the American Medical Association 
 
J Trauma  The Journal of Trauma and Acute Care Surgery 
 
Mol Cell Biol  Molecular and Cellular Biology 
 
Nat Rev Immunol Nature Reviews.  Immunology 
 
NEJM   New England Journal of Medicine 
 
NursCrit Care Nursing Critical Care 
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